Galicia (northwest Spain) were selected for nutritional diagnosis. Nutritional status was 6 assessed by foliar analysis using the critical levels method. The relationships between foliar 7 nutrient concentrations and the plantation's growth and survival and the topsoil physical and 8 chemical properties were also analyzed. The most common deficiencies among plots were P 9 and Mg. Foliar N concentrations were relatively high and generally they were above the 10 critical level. Foliar N:P, N:K and N:Mg ratios were significantly unbalanced in 31, 44 and 17 11 out of 54 studied plots. Foliar P levels were significantly higher on sites with previous 12
plot variation in foliar nutrient concentration was determined in three random plots. The 1 coefficient of variation, calculated through three composites samples of four plant each per 2 plot, averaged 3.6, 12.3, 12.5, 15.6 and 14.8 for N, P, K, Ca and Mg respectively. 3
Total height and basal diameter were measured in all plants of each plot. The percentage of 4 dead and poor state plants (clorosis or defoliation symptoms) was determined. 5
The plantation's nutritional status was evaluated using the foliar critical levels reported by 6 Will (1985) . This author recommend sampling in early autumn when nutrient concentrations 7 are relatively stable and maximum stress is produced. We sampled between April and 8
December but, as Will (1985) indicated, severe nutrient deficiencies can usually be 9 recognized in samples taken at any time of the year. Foliar concentration ratios were also used 10 to determine the balance between nutrients. A foliar N/P ratio above 10 and above 16 was 11 interpreted as a marginal or critical excess of N relative to foliar P concentration. A foliar N/P 12 ratio below 12.5 indicated an optimal P nutrition (Raupach et al., 1969) . In the same way, a 13 foliar K/N ratio below 0.65 and 0.5 was considered to be related with marginal and critical K 14 nutrition respectively (Ingestad, 1979) and a foliar N/Mg ratio above 17.5 indicated critical 15 Mg nutrition in relation to nitrogen nutrition (Bonneau, 1988) . In addition, foliar K/Ca ratios 16 were calculated as a measure of cation balance. A foliar K/Ca ratio below 0.5 was related with 17 problems in the K nutrition (Ballard and Carter, 1986) . 18
Relationships between foliar nutrient concentration, soil levels and plantation growth and 19 survival were studied by correlation analysis. Percentage variables were transformed 20 previously by angular transformation (Sabin and Stafford, 1993 ). Significant differences 21 between substrates, previous land use and topsoil texture classification were tested by analysis 22 of variance and LSD means comparison test. Principal component analysis was also carried 23 out to classify foliar, growth and survival parameters. All analyses were carried out using the1
Results and discussion 2

Survival and growth 3
The frequency distribution of the percentage of dead and poor state plants in the 54 studied 4 plots is presented in Fig. 1 . Most of the plots showed low values of these parameters. 5
However, percentage of dead plants rises to more than 40% in 3 cases, and percentage of poor 6 state plants was over 40% in nearly 20% of the cases. These values are much more higher 7 than those expected for the study area, a favorable region for P. radiata introduction (Dans et 8 al., 1999 
Foliar nutrient diagnosis 15
The results obtained in the analyses of the foliar samples are summarized in Table 1. Mean P  16 and Mg foliar nutrient concentrations are below the marginal level reported by Will (1985) . 17
The variation between plots is quite high for all nutrients especially for Ca and Mn. The least 18 variable nutrient is nitrogen. 19
On the basis of critical levels (Will, 1985) we observed that more than 80% of the plantations 20 studied showed a severe deficiency. The most common deficiency was P and Mg (Fig. 2) . 21
Forty-one and 25 out of the 54 plots studied showed critical P and Mg foliar levels. We also 22 observed critical Ca, K and N foliar concentrations in 10, 2 and 2 cases respectively. 23
Phosphorus deficiencies are the most widespread in P. radiata plantations around the world 24 (Turner and Lambert, 1986). Several authors have also found P disorders in the Spanish P.
trees, that is, at the time of greatest nutrient demand (Turner and Lambert, 1986). The low 5 foliar P levels observed in our younger studied plots lead us to expect an increase in P 6 disorders as the plantations get older. P deficiencies have been associated with acidic and 7 sandy soils with low water retention capacity, especially on soil derived from deposited sands, 8 volcanics and sandstones (Turner and Lambert, 1986) . No significant differences in P foliar 9
concentrations between different parent material were observed but P foliar levels were 10 greatly influenced by the previous land use (Fig. 4a ) and the superficial horizon texture (Fig.  11 4b). The more recently agricultural land use was abandoned with herbaceous vegetation still 12 being dominant, the higher the pine's foliar P levels. The longer the agricultural 13 abandonment, either shrub or tree vegetation colonized the soil and the pines showed lower P 14 foliar levels. Furthermore, the foliar P concentrations were lower as the superficial horizon 15 texture became coarser. Thus, special attention must be paid to P nutrition on coarse-textured 16 soils with heavy shrub vegetation. smaller allowing less nutrient uptake by the tree and the decrease in carbon allocation to the 6 roots may provide less substrate for the mycorrhizal symbiosis, which is so important in pines 7
(Payn et al., 1995). Because of this, the Mg deficiencies found in the one-year old plantations 8 studied here prove to be much more dramatic and may condition the tree establishment. 9
Nitrogen foliar concentrations were over the critical levels in most cases ( The diagnosis of the studied plantations through the N:P, N:K and N:Mg foliar ratios balance 20 is summarized in Fig. 3 . Thirty-one, 44 and 17 out of 54 plots studied showed a strong N:P, 21 N:K and N:Mg imbalance respectively, indicating a clear excess of N in relation to the P, K 22
and Mg nutrition in most of the studied plots. Organic amendment was and still is a 23 widespread practice in Galician agricultural soils (Sánchez, 1995) that could increase the 24 nitrogen soil up to excess levels for pine establishment. We have also observed a relativeexcess of nitrogen in another study on young Pseudotsuga menziesii plantations in Galicia 1 (Zas and Serrada, submitted). Several authors have found a negative correlation between soil 2 N levels and the site quality index for P. radiata in north-east Spain (Romanya and We also observed Ca deficiencies in 10 cases. Foliar Ca concentrations were greatly 12 influenced by the parent material (Fig. 5a ), as Romanya and Vallejo (1996) in areas of P deficiency, and hence these deficiencies are corrected simultaneously with 21 superphosphate applications (Will, 1985; Turner and Lambert, 1986 ). All the plantations 22 studied where foliar Ca was critical showed also critical P levels except in two cases where P 23 was marginal. The application of superphosphate in these plantations seems to be an 24 interesting practice. 25
The results of the principal components analysis (PCA) were consistent with this assumption 1 (Fig. 6) The correlation coefficients between the physical and topsoil parameters and the values of the 11 first principal component are shown in Table 3 . The first component is positively correlated 12 with topsoil pH, percentage of silt and exchangeable K, and negatively correlated with 13 altitude. As this first axis represents an evaluation of the plantations favorable results, it can 14 be concluded that the best establishment results for Pinus radiata in Galicia were found at low 15 altitudes on loamy soils with high levels of exchangeable K and pH. In other studies, Pinus 16 radiata quality site is often correlated with parameters that regulate the water disposability. 17
The soil water capacity (Zwolinski et al., 1998) , the soil depth and effective soil depth (f.e. 18
Turvey et al., 1986), the soil texture, drainage and permeability (f.e. Gerding and Schlatter, 19 1995), and the annual precipitation (f.e. Grey and Taylor, 1983) have been shown to be 20 related to Pinus radiata growth. The correlation found here between the first principal 21 component and the topsoil sand and silt percentage indicate the importance of soil water 22 retention disposability for the establishment of P. radiata in Galicia. Soil nutrient availability 23 had also been related to P. radiata quality sites, especially in those regions where soil fertility 24 is generally low. P and Ca are the nutrients most often positively correlated with pine growth (Ballard, 1971; Truman et al., 1983 ; Hunter and Gibson, 1984; Turner and Lambert, 1987; 1 Zwolinski et al., 1998). We did not observe significant correlations between the soil levels of 2 these nutrients and the first principal component. However, it must be noted that foliar P and 3 Ca concentrations were negatively correlated with the percentage of dead plants, indicating 4 the importance of these nutrients in the establishment of Pinus radiata in Galicia. 5
Nevertheless, the exchangeable K levels were correlated with both the first principal 6 component and growth and survival. K was the only element where foliar levels were 7 significantly correlated with the superficial soil levels. All P, K, Ca and Mg nutrients seem to 8 be essential in pine establishment in Galicia, however only the soil K levels have a direct 9 influence on the establishment result. The uptake of P, Ca and Mg seems to be influenced by 10 other factors rather than the respective soil nutrient levels. The nitrogen excess could be one 11 of these factors. 12 
13
Conclusions 14
The most common deficiencies in the studied plantations were P and Mg. Foliar N levels were 15 high and possibly excessive as N:P, N:K and N:Mg foliar ratios were greatly unbalanced in 16 most of the studied plots. 17 Foliar P, K, Ca and Mg levels appeared to be related to the better growth and survival of pines 18 and were considered as favorable parameters for Pinus radiata establishment in Galicia. On 19 the contrary, foliar N was considered as an unfavorable parameter. High values of this 20 parameter were related to low rates of tree growth, low survival and nutritional imbalance. 21
Nitrogen establishment fertilization is then a practice not to be recommended in Galicia Pinus 22 radiata plantations, especially on low pH, coarse-textured soils with low soil K levels and in 23 high altitudes. 24 Fig. 2 . Percentage of sampled plots in relation to foliar diagnosis by the critical levels method 4 (Will, 1985) . Med, medium texture; MC, moderately coarse texture; C, coarse texture. Different letters 13 denote LSD significant differences between groups at p<0.05 level. Dotted horizontal lines 14
show critical and marginal P levels (Will, 1985) . 15 critical level for P. radiata (Will, 1985) . Different letters denote LSD significant differences 19 among substrates (p<0.05). B, basic rocks; Sc, schist; Gr, granite; Sl, slate; Se, sediments. 20
Topsoil texture: See explanation in Fig. 4(b) . 21 
